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TumorAbstract Objective: Discriminating pyogenic brain abscesses from cystic or necrotic tumors is
sometimes difﬁcult with CT or conventional MR imaging. Diffusion MR imaging is a valuable
diagnostic test in cases of intracranial cystic masses.
Methods: This work was conducted from July 2008 to June 2013 on 90 patients; 43 males and 47
females. Their ages range from 5 to 70 years. All patients were subjected to routine MRI examina-
tion and diffusion weighted imaging using 1.5 T MRI scanner. Gadolinium was given to some cases
on routine MRI. Diffusion weighted imaging was performed with a single-shot spin-echo echo-
planar pulse sequence (b= 0–1000 s/mm2). The apparent diffusion coefﬁcient values and ratio were
measured.
Results and conclusions: Patients in this study were categorized into three main groups; ﬁrst group
is brain abscesses (36 cases), 91.6% of them showed restricted diffusion, second group is malignant
cystic or necrotic brain tumors, 28 cases of high grade necrotic glioma, 60.7% of them are free
diffusion, and third group is benign cystic masses, arachnoid and epidermiod cysts (11 cases); all
arachnoid cysts are free diffusion. From these results diffusion-weighted imaging is playing an
important role in discrimination of cystic intracranial masses.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Differential diagnosis of cystic intracranial lesions is trouble-
some with conventional MRI alone. It includes primary brain
tumors (e.g. necrotic gliomas), metastasis, abscesses, resolving
hematomas, subacute infarctions, and pseudotumoral
demyelinating lesions. Diffusion weighted imaging and ADC
have been previously reported to be valuable in the differential
870 A.F. Yousef et al.diagnosis between abscess and cystic or necrotic brain tumors
(1). Diffusion-weighted imaging is highly reliable and practical
because of its short duration (2).
2. The aim of this study
To determine the value of diffusion weighted imaging (DWI)
in discrimination of intracranial cystic masses.
3. Methods
3.1. Patient preparation and selection
The study was conducted in the Mansoura University Hospital
from July 2008 to June 2013, we performed diffusion-weighted
imaging in 90 patients (43 males and 47 females; age range from
5 to 70 years), complained of headache, hemiparesis, fever or
epileptic ﬁts. Patients were referred from emergency hospital,
neuromedicine and neurosurgery departments to Magnetic
Resonance Imaging (MRI) unit of Radiology department.
Patients presented with cystic or necrotic intracranial space
occupying lesions were included in this study.Fig. 1 22 year-old man with histopathol3.2. Conventional MRI protocol
MRI examination was done by 1.5 TMRI scanner (Magnotom
symphony Siemens Medical System, Germany) with a head
coil. Scanning parameters are slice thickness 6 mm, interslice
gap 1 mm, ﬁeld of view (FOV) 23 · 23 cm, and matrix of
128 · 256. The routine sequences included Axial T1-weighted
spin-echo (500/20 {TR/TE}), T2-weighted fast spin-echo
(4490/86 {TR/TE}) and Sagittal T1-weighted images were
performed using (500/14 {TR/TE}), Gadolinium-Diethylene-
Triamine Penta Acetate (Gd-DTPA) was given for some
patients. The dose was 0.1 mmol/kg.
3.3. Diffusion-weighted imaging protocol
Diffusion-weighted imaging was performed before the
injection of contrast material. The imaging sequence for
diffusion-weighted imaging was single-shot spin echo-planar
(10,000/93 [TR/TE]). The diffusion gradients were applied
sequentially in 3 orthogonal directions to generate 3 sets of
axial DWI, sections (5-mm thick) with 2.5-mm interslice gaps,
24-cm FOV, and 128 · 256 matrix size (3).ogical proven pyogenic brain abscess.
Table 1 Diffusion weighted imaging ﬁndings in patients with brain abscess.
Number of case T1 SI T2 SI Post contrast DWI SI ADC SI %
31 Low High Ring enhancement High Low 91.6
2 Iso High Ring enhancement High Low
3 Iso High Ring enhancement Low High 8.4
91.6% of study of brain abscesses show restricted diffusion.
Table 2 Diffusion weighted imaging ﬁndings in patients with brain tumors.
Pathological types T1 SI T2 SI Post contrast DWI SI ADC SI No %
Necrotic high grade glioma Low High Ring enhancement Low High 17/28 60.7
Low High Heterogeneous High Low 11/28 39.3
Cystic low grade glioma Low High Mild Low High 5
Cystic metastasis Low High Variable pattern of enhancement Low High 8/10 80
High Low 2/10 20
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The signal intensity of the cystic or necrotic portion on DWI
was deﬁned by visual assessment as markedly low (SI near that
of CSF), slightly low (SI between that of CSF and normal
brain parenchyma), slightly high, or markedly high compared
with normal brain parenchyma (4).
Apparent Diffusion Coefﬁcient (ADC) maps were automat-
ically calculated by MRI machine software.
In our patients of cystic intracranial space occupying
lesions, biopsy was performed by surgery in most cases and
stereotactic aspiration biopsy in some cases. Also, in the diag-
nosis of brain abscess; clinical symptoms, laboratory data, and
improvement of imaging ﬁndings after antibiotic therapy were
considered as conﬁrmatory methods.4. Results
The present work included, 90 patients, 43 males and 47
females, age group from 5 to 70 years. These patients
were referred from emergency hospital, neuromedicine andFig. 2 55 year-old man with histopathneurosurgery departments to Magnetic Resonance Imaging
(MRI) unit of Radiology department. Most cases of brain
abscess are in the ﬁrst and second decade (30 out of 36). Most
cases of brain tumors are above forty years.
Patients have been categorized into three main groups;
brain abscesses (36 patients), cystic brain tumors (43 patients)
and the third group which contains benign cystic masses like
arachinoid cysts (9 cases, 5 males and 4 females) and epider-
moid cysts (2 cases).
On visual assessment, all brain abscesses showed ring
enhancement at post contrast T1 weighted images, 33 out of
36 patients (91.6%) with brain abscesses are hyperintense on
DWI and hypointense on ADC maps (restricted diffusion)
(Fig. 1). 3 out of 36 brain abscesses (8.4%) are hypointense
on DWI and hyperintense on ADC maps (free diffusion)
(Table 1).
In our study, 43 patients of cystic or necrotic brain tumors
of different Pathological types were involved (Table 2).
28 cases of them are high grade cystic necrotic gliomas, 17
cases of them (60.7%) are free diffusion (Fig. 2) and 11 cases
(34.3%) are restricted diffusion. 5 cases proved to be low grade
cystic gliomas, all are free diffusion (Fig. 3). Last cases in thisological proven high grade glioma.
Fig. 3 26 year-old man with cystic intra-axial SOL pathologically proved low grade glioma.
Fig. 4 44 year-old man with histopathological proven cystic brain metastasis from cancer breast.
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Table 3 Benign cystic brain masses arachnoid cyst versus epidermoid cyst.
Pathological types T1 SI T2 SI Post contrast DWI SI ADC SI No %
Arachnoid cyst Low High No enhancement Low High 9/9 100
Epidermoid cyst Mixed High No ring enhancement High Low 2/2 100
All arachnoid cysts show free diffusion & two cases of epidermoid show restricted diffusion.
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8 of them (80%) are free diffusion and 2 cases are restricted
diffusion (20%) (Fig. 4).
11 extra-axial cystic benign lesions (Table 3), 9 arachnoid
cysts appear hypointense on DWI and hyperintense on ADC
maps (Fig. 5) and 2 cases are epidermoid cysts are hyperintense
on DWI and hypointense on ADC maps (Fig. 6).
5. Discussion
The study included 90 patients, 43 males and 47 females, age
group from 5 to 70 years.Fig. 5 5 year-old childCases have been categorized into three main groups; brain
abscesses (36 cases), cystic or necrotic brain tumors (43 cases)
and the third group which contains cystic lesions like arachi-
noid cyst, epidermoid cyst.
In the present study, we have noticed that most brain
abscesses were hyperintense on diffusion weighted imaging
with low ADC SI and value, the ADC values ranging 0.9–
0.13 · 103 mm2/s. These results were in agreement with the
results of Ebisu et al., Kim et al., Desprechins et al., Lai
et al., Reddy et al. and Alam et al. (1,5–9).
DW imaging was superior to conventional MR imaging in
evaluating the success or failure of abscess therapy. Decreasedwith arachnoid cyst.
Fig. 6 Male patient aged 28 years with epidermoid cyst.
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ues in the abscess cavity were correlated with successful treat-
ment. Conversely, persisting or reappearing high signal
intensity in the abscess cavity on trace DW images and low
ADC values indicating restricted diffusion were seen in cases
of treatment failure and were correlated with pus re-accumula-
tion (10).
In the current study, tumor groups include thirty-three cases
of primary brain tumors and ten cases of brain metastases.
In our study, cystic or necrotic brain tumors (except 11
cases of high grade glioma with high SI in DWI and low SI
in ADC map) had hypointense signals on diffusion weighted
imaging and high signals in ADC and value ranging up to
2.2 ± 0.9 · 10–3 mm2/s denoting free diffusion which correlate
with other 5 cases of low grade cystic glioma which show free
diffusion Noguchi et al. and Besada et al. (2,11,12).
On the other hand, Tung et al. (13) reported one case of
cystic brain tumor, which shows high signal intensity on diffu-
sion weighted imaging and low signal in ADC. They referred
that pyogenic super-infection may rarely develop in a primary
brain tumor, so that some necrotic tumors may mimic a brain
abscess on diffusion weighted imaging.
In the current study, two of ten cases of brain metastases
appeared hyperintense on diffusion weighted imaging withlow ADC value (restricted diffusion). This was similar to what
was reported by Park et al. (14) who described two cases of
cystic or necrotic brain metastasis with markedly high signal
intensity on diffusion-weighted images. Surgery revealed that
the cyst had a thick and creamy necrotic content similar to pus.
Also, Holtas et al. (15) reported a ring-enhanced brain
metastasis with hyperintensity on diffusion-weighted images
and a low signal in ADC in the necrotic part of the tumor.
The reason for restricted diffusion was possibly early necrosis
with intracellular edema of the lesions.
We also retrospectively reviewed the diffusion-weighted
images and ADC maps of intracerebral tumors with a cystic
presentation on CT and conventional MR studies, most of
them also showed increased diffusion of necrotic/cystic com-
ponents (6).
Cellularity is an important factor in determining brain
tumor grade. The increased cellularity of high-grade tumors
restricts microscopic water movement in tissue, resulting in a
higher DWI signal intensity than in low-grade tumors, this
was in agreement with Lee et al., Arvinda et al., Murakami
et al., and Chen et al. (16–19). Notably, none of the low-grade
cystic tumors in the present study demonstrated marked hyper-
intensity on DWI, this was in agreement with Kan et al., Seo
et al., and Ji et al. (20–22).
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high SI in diffusion images and low SI in ADC (denoting
higher cellularity) and also 17 cases of pathologically proved
glioma show lower signals in DWI and higher ADC which
are subsequent of marked tumor necrosis and cystic changes,
and cystic low-grade gliomas show low SI in diffusion images
and high SI in ADC denoting less cellularity. All gliomas pre-
sented a wide variability in ADC values, consequently, there
was a large overlap making it difﬁcult to make a speciﬁc diag-
nosis. These frequently were areas of necrosis interspersed with
areas of high cellularity, and there was less structure in areas of
necrosis (21).
The current study shows eleven extra-axial cystic benign
lesions that are, 9 arachnoid cysts appear hypointense on
DWI and hyperintense on ADC map denoting free diffusion
and 2 cases are epidermoid cysts are hyperintense on DWI
and hypointense on ADC maps denoting restricted diffusion,
these results agreed with Lai et al. (4).
6. Conclusion
Diffusion-weighted imaging is non-invasive and relatively low
cost, it has been widely applied to the diagnosis of various
diseases including the detection of abscesses from cystic necro-
tic tumors, and distinguishing epidermoid from arachnoid
cysts.
Diffusion imaging can aid in the diagnosis, further manage-
ment plan and also follow up of brain abscess after antibiotic
therapy or surgical interference. So it helps in improved patient
care. This sequence should be used as addition to conventional
imaging and not as replacement for histopathology.
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